- Searching PAJ 



1/2 ^-v 



PATENT ABSTRACTS OF JAPAN 

(H)Publication number : 2004-217632 
(43)Date of publication of application : 05.082004 



(51)lnt.CI. C07F 17/02 

B01J 31/22 
C07C 51/10 
C07C 53/02 
// C07B 61/00 
C07F 15/00 



(21 Application number : 2003-423034 (71 Applicant : NATIONAL INSTITUTE OF 

ADVANCED INDUSTRIAL & 
TECHNOLOGY 

(22)Date of filing : 19.12.2003 (72)lnventor : HIMEDA YUICHIRO 

ONOZAWA NOBUKO 
SUGIHARA HIDEKI 
ARAKAWA HIRONORI 
KASUGA KAZUYUKI 



(30)Priority 

Priority number : 2002374877 Priority date : 25.122002 Priority country : JP 



(54) NEW COMPOUND, CATALYST USING THE SAME, METHOD OF PRODUCING FORMIC ACID 
FROM CARBON DIOXIDE AND HYDROGEN USING THE SAME AND METHOD FOR CARBON 
DIOXIDE FIXATION 

(57)Abstract: 

PROBLEM TO BE SOLVED :To provide a new compound that 
is useful as a catalyst for the reaction between carbon , 
dioxide and hydrogen, a catalyst using the same, a method of 



producing formic acid by the reaction between carbon dioxide 
and hydrogen and a method for carbon dioxide fixation. 
SOLUTION: The polypyridine bearing hydroxy group(s) is 
represented by general formula (1) (wherein R1 is H or an 
alkyl, Ml is Ir, Rh or Ru, Y is a halogen or H, X is a counter 
anion forming a metal complex), a catalyst using the 
polypyridine compound, a method of producing formic acid by 
reaction between carbon dioxide and hydrogen by using the 
polypyridine as a catalyst and a method for carbon dioxide 
fixation are provided. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 



http:/Aww19.ipdl.ncipi.go.jp/^A1/fesult/detail/main/wAAALraik2DA416217632P2.htm 2004/1 2/1 7 



Searching PAJ 2/2 ^— v 

rejection] 

[Kind of final disposal of application other than 
the examiner s decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner s decision of 
rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://^ww19jpdl.ncipi.goJp/PA1/result/detail/fnain/WAAALr 2004/I2/I7 



3P 2004-217632 A 2004.8.5 



(19)B*S»i«?(JP) 



(12)2* 



If & *8(A) 



(43)<&WB 



(ll)WKffl«»H»* 

if$SI2004-217632 
(P20Q4-217632A) 
¥*16*8B5B(20Q4.8.5) 



(51) Int. CI. 
C07F 
B01 J 
C07C 
C07C 

// C07B 



F I 



17/02 
31/22 
51/10 
53/02 
61/00 



C07F 
BO 1 J 
C07C 
C07C 
C07B 



17/02 
31/22 
51/10 
53/02 
61/00 



4G069 
4H006 
4H039 
4H050 



300 



(2i) 

(22) mms 

(32) ®ftS 

(33) &5fc*i3£^S 



^JS2003-423034 (P 2003 -423034) 
^15^12^195 (2003.12.19) 
1^®2002-374877 (P2002-374877) 
spjffil 4^12^250 (2002. 12. 25) 
B*®(JP) 



(71) 



(72) 



(72) mmm 



(72) 



301021533 



< «Tff m i - 1 
ah#s*««w3Wto 

3?«*o< fcrmmi - 1 

Ag*«fl^£W3S??to 

^j^fo < mm i - i 

3E«*o< i^TUm 1 - 1 



3-1 

1 a^friBtiS 
- 1 aAfrJKtt 
- 1 ttttfrBttt 



(54) [whosim ***ffifr»fc«»,-*^m»fc^BMtK*i:**»»6*MRtwtra»»a« t — 



C57) (*jE#) 
WWfc#S3 -ft* (l ) 




JP 2004-217632 A 2004.8.5 



i ] 

(l) 

inn 




(sS'tU R i f±**XO f X»4T;w*/l'36'C*»). Mj lilr, R h5gL< fi R u , 

m 2 3 




2 ] 

-ife* (3) 
Mb 3] 




0^4^ R 1 ^^S.O r XJiT^4r;V*-e* M, 14 I r, Rh^L<f4Ru Tib *9 > 



(3) 



JP 2004-217632 A 2004.8.5 



Mb 4] 




mfc*Mf&~r&zv > 9 -t ) -c^s* try 

3 ] 

[ft 5] 

R < — * + 

i x ~ 




R, fi7tC^(^XtiTJV^;V*-C*l9, M, 141 r, R h 5g L < (4 R u "9 , 

[ft 6] 

1r 




(4) 



3P 2004-217632 A 2004.8.5 



[ft 7] 




(5* + , R, ItfrmRVXltTfr^JUm-r&V), M, lil r, R h 3gf L < tt R u "C* »9 , 

•e^c^tLSTK^S^^r-r^^V tf y v^ft-a^S^ii-fet (4) 
[ft 8] 




ft-&»^*&-*ft^3g«7cRj£:itt*o 
[»*«5]- 
(1) 

[ft 9] 




(5£4\ R a }i*^TOf±r;p*;^-c^>i5, m, »± I r> r h^L < f±R u t* «j > 
-c**3*L*;jcBU£**-r*#y ey y>ft^i ^ji-**^ (2) 



(5) 



3P 2004-217632 A 2004.8.5 



[it 1 0 ] 




6 ] 

(3) 
[ftll] 




[<k 1 2 ] 




[11**7] 

(1) 



(6) 



3P 2004-217632 A 2004.8.5 




Wb l 4 ] 




[m^M 8 ] 

-Jtt* (3) 

Mk i 5 ] 




JP 2004-217632 A 2004.8.5 



lit 1 6 ] 




[0 0 0 1 ] 
[0 0 0 2] 

tLTit Chem. Lett. p. 863 (1976) Chem. Coitmun. p. 1465 (1993) , #H Bg 51-13861 

45§-, #HBS56-166146f-?5f if^W ^>*tS^> £*lfcOKj£fc»iV*1* ft £ ffl ^ 

) 

4fc, jtB*«t«-t?RjSS**ii:li, fl¥ 7-173098^§-, #H 2001-288137^-, 
ffttffcfrfll^lB^S, #52*&$j$12-§- pp. 1032-1043(1994), Nature Vol 368, p. 231 (1 
994), Chem. Lett. p. 1016 (2001), 1. Am. Chem. Soc. p. 7963 (2002), 3. Am. Chem 
. Soc. p. 344 (1996), Inorg.Chem. p. 1606 (2002)& ifKfB^S 0 (#Itlfci££ 

3 ~ 4»Cf*«« i *« 2-7 #M) 

??>K, TKiSfft+'CRiSSi** -T fcfi, # 13 BS 56-140948, Chem. Commun. p. 971 (1999 
), Appl. Organcmeal. Chem. p857 (2000), Inorg. Chem. p. 5083 (2000) jcfB^ $ ft 

tv^ 0 wwxm 5&v i ffl8ftxm. 8~io mm 

HCit #fi*£ET*»*+^BI#JH^£«V>fcRj£Wt, I. Am. Chem. Soc. p.6 

319 (1983) ^<om^mm^m^tz-mitRm<ommimitK^\t^<^hiix\,>^ 

o (*»«FX* 1 1 
[#1^$; 1 ] #13 0351-138614-^^^ 
[W« ! *ltt2] #H§0B56-166146f-£$g 
[#ttt3] #H^7-173098-^-^ 
[#M=XK 4 ] #13 2001-2881374§-£$£ 
[#W^CE5] #§3BB56-140948£=& 

[IMfftlfcft 1 ] Chem. Lett, p.863 (1976) Chem. Conmun. p. 1465 (1993) 

mm^M2] Gmt&fcmn&m, ms2mmu^ PP . 1032-1043(1994) 

3] NatureVol 368, p. 231 (1994) 

[$mWXWt4] Chem. Lett, p.1016 (2001) 

[^#^M5] l.Am. Chem. Soc. p. 7963 (2002) 

[###£& 6] J -Am. Chem. Soc. p. 344 (1996) 



C8) 



JP 2004-217632 A 2004.8.5 



[i¥^t^XMi7] Inorg.Chem.p. 1606 (2002) 
[#4$fF^cE8] Chem.Commun. p. 971 (1999) 
[^MffFlfciiK 9 ] Appl.Organomeal. Chem. p 857 (2000) 
[IMfltlfcfU 0] Inorg. Chem. p. 5083 (2000) 
[IM^lfcitU 1] 3. Am. Chem. Soc. p. 6339 (1983) 

[%®&m&: l x d 1 1 & mm] 

[0 0 0 3 ] 

zti$x\ m®&mmw*m^&~mkRm<v*mtKmK±^x, ±^^m^L<a^ 

<Dmmfa*fkl&'r2>Zti)mbtlX^2> 0 <X%.#l%:M*mf2>k, (l)Chem. Lett. P .863 

(i97&)^ >) mmmi>L<ii^tcou^mm^, hv^^r^ym^m 

TZXDft&T. ^mtUik-t 2>^m o (2)#H^7-173098^-e|i > K & & Zl 

S««|^7^f ©SStt^f#4He?«m (3)#|j§ HQ 56-140948, Ch 
em. Ccrrmun. p. 971 (1999)KfE^$ ^ItzmM^^mWi^-m^Rm t frmfrh 
M^i-^^ffio (4)3. Am. Chem. Soc. p.6319 (1983)Kfe^£ *lfzUj$s*9 A V> 

tLTV>^> 0 (l)-(3)i:o^Tlt 3- Am. Chem. Soc. p. 7963 (2001)11 $ t £, ;ft.T^& 

O 

MIE(l)(2)co^^-efi:, 7 ^ ^ 7;^ - tottl! ^^ittt l> l> i i: , ttz 

&&?&¥m<vmteTzy^<Dmm<vm*2^mKmitbtix^z>ZLt, zh^tk&m 
^ati^fflv^v^v^-p^^^rtT^^, #^(4)^, -B&Kj&xm&mx 

£&V> 0 (2)(i#<7)^Hit^^^^l/^>-, 

, sin & *# t - BMb^sK i:iot t # < _ wutstmn m mtm * 

[If® £ & to <a ^i£] 

[0 0 0 4] 

-Tfcfc-fc, -ttsS; (l) 



(9) 



JP 2004-217632 A 2004.8.5 



[it 1 7 ] 




t-^ s Tfc^^^^r-r & # y e y s> ><b-&» * t±-^ ( 2 ) 

[ftl8] 




*-T=-*y*Wt>-*o ) t-^ $ ft *°y tfu v> 
<b£*»<, 310 s -« (3) 
Mb 1 9 ] 




try fctt-ntta; (4) 

Mb 2 0 1 

B 1 .. 



CIO) 



JP 2004-217632 A 2004.8.5 



[f^CT)^] 

[0 0 0 5 ] 

tt±»^fc» J: *u*, -«4ki*igfc*|g££js$«Mafc£ LT3tfffl£#r£Hk 

^-^k^*@^k-r^>i<f:^- e ^ So ^s&gjj ^^co^m^kM^OTk^kffi 

ftli, 6-8^ffi—^k^t 20-50%^* -b^f V-^*»«*12O-150!R"^inJ|M*il6Bifci&a 
[ 0 0 0 6 ] 

*»WM*v>TfflV»TV>t |~i£#J — (1) XOf-JftS; (3) -c^stia-fj 

v^A, n^A, ^•r-^A^M^M^Xfi-^ (2) Xtf-ttsfc (4) -C^3*i 

* )V T =- -> A £JS ffl V»* o 

> -if > Efl^jWta- a s S o 

ii7xt> bnu^jKij e Ei£^±Kffi&&t LT*m£c-oH)£&oi;k#^ 
mm&i±&$trzo * fc, v e y v >e#^±k i i@M_kfi&$ *l&#i?j&*$> 

8F £ L< lZZtL-?ti<7>\£i) =jy^±K lffi-foW&ZHX^&Zktf^t Lv> 0 

n ? y r - * y *? &mm& r - * y & t\ mmm k mm-t tii*t%% *>ffifr%\,* 0 

&o $ff L<f±, *»*+T/i'*';tt*M-t-4ftMfll**«a4Lv» 0 * I 

IIWi<D]fcm)&Xte8iWLfr%&&M$L<, *<DMt LTfi, Li^CO, „ LiHCO,, Na 2 00, , 
NaHC0 3 , K 2 C0, , KHCC^ , CaCO, , BaCC^ , SK.0, % ftfmfhft&o X\t~m.itRm^ 

^11^(7)^^^4)04 L < , Z<DMkL-tte, LiOH, NaOH, KOH, Ca(0H) 2 , Ba(0H) 2 , S 



Cll) 



IIP 2004-217632 A 2004.8.5 



- 7 ~lxl0- 4 M£:-r& o 



Mk 2 l ] 



: M=Ir 

n^y ^ v>JLd;W >; v<>A ?diJFN7- 400 mg CO. 50 rnnol) 
H,7-v k Fn ^^-1,10-7 x t > F d 'J > 250 mg (1.18 mmo~l)£ y * <f-J\sfc)l> A T 5 

Kiomi i^v§?a^s^#H^;T8oj^-ei2^rai)n^m#L^o 
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Jl2S41Cmg-e#£>*l& 0 (1« 67%) CO-fk-fr«»iJElTH3S'rfl'*fiBf**»f»raj6L*:o 
IR (Nujol) 2669 CO-H), 2587 (0-H) , 1608, 1583, 1542, 1226; 

*H NMR CDMSO-d,, , £): 13.2 Cbs, 2 H), 8.94 (d, 3 = 6.3 Hz, 2 H), 8.20 Cs, 2 H) , 
7.44 (d, J = 6.3 Hz, 2 H), 1.69 Cs, 15 H). 

1J C NMR CDMSO-ds , $ )161.80, 150.37, 145.89, 120.19, 118.30, 109.09, 85.71, 6.32; 

Anal. Calcd for C, 2 H 2 , Cl 2 IrN 2 0 2 :.C, 43.28; H, 3.80; N, 4.59. Found: C, 43.20; H, 

3.90; N, 4.38; 

FABMS m/z 575 [NT -CI]. 
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IR (Nujol) 2669 (0-H), 2590 C0-H), 1603, 1583, 1540, 1225; 

*H NMR CDMS0-d 6 , 3 ) : 13.0 Cbs, 2 H), 8.93 Cd, 3 = 6.2 Hz, 2 H) , 8.16 Cs, 2 H) , 
7.41Cd, D = 6.2 Hz, 2 H) , 1.69 (s, 15 H) ; 
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FABMS m/z 485 [M - Cl] + . 
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IR CNujol) 2672 CO-H), 2593 (0-H), 1606, 1583, 1512, 1222; 

J H NMR (DMSO-de, 13.2 0>s, 2 H), 8.88 (d, 3 = 6.3 Hz, 2 H), 8.11 (s, 2 H), 30 

7.38(d, J = 6.2 Hz, 2 H), 2.07 (s, 18 H); 

1J C NMR CDMSO-d,, £): 161.08, 151.99, 144.57, 119.56, 117.88, 108.67 , 92.06, 13 
.31; 

Anal. Calcd for Q 4 H 2 , Cl 2 N, 0 2 Ru:C, 52.75; H, 4.8; N, 5.13. Found: C, 51.91; H, 4 

.73; N, 5.07; 

FABMS m/z 511 [M - Cl] + . 
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X H NMR (DMSO-dg , $ ): 13.2(bs, 2 H), 9.43 (d, J = 6.2 Hz, 2 H),8.14 (s, 2 H), 7. 
33 Cd, 3 = 6.2 Hz, 2H), 6.13 (d, J = 6.2 Hz, 2 H), 5.91(d, 3 = 6.2 Hz, 2 H), 2.6 

Cm, 1 H),2.15 (s, 3 H), 0.92 Cd, 3 = 7.0 Hz, 6H); 
13 C NMR CDMS0-d 6 , £): 162.97, 153.34, 145.04, 120.61, 117.27, 108.58 , 99.81, 99 
.16, 82.82, 80.58, 28.37, 19.70, 16.29; 20 
Anal. Calcd for Q 2 H 22 Cl 2 N 2 0 2 Ru:C, 50.97; H, 4.28; N, 5.40%. Found: C, 50.68; H, 
4.02; N, 5.74%; 
FABMS m/z 483 [M - Cl] + . 
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FABMS m/z 595 [M* -X] ■ 
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X H NMR CK0D/D,0, 5): 8.18 Cd, 3 = 6.6 Hz, 2 H) , 7.05 (d, 3 = 2.5 Hz, 2 H), 6.63 

(dd, 3 = 6.6, 2.5 Hz, 2 H), 1.98 (s, 18 H). 
"C NMR CK0D/D 2 0, $ ): 178.55, 159.11, 154.99, 120.93, 115.60, 95.17, 17.25; 
FABMS m/z 533 [NT -X] . 
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4,7-vfc Fn + ->-l,lO-7it> ho U >t:^x.T3,3' -yt Fn^y-2,2' -ft'ijy 

IR (NujoD 2726, 2673, 1582, 1533, 1258; 40 
*H NMR CDMSO-c^ , $ ) : 18.1 (bs, 1 H, H-O-H), 8.06 (dd, 3 = 5.2, 1.3 Hz, 2 H), 7. 
26 Cdd, 3 = 8.4, 5.2Hz, 2 H), 7.06 (dd, 3 = 8.4, 1.3Hz, 2 H), 1.56 (s, 15 H); 
1S C NMR CDMSO-d,,, $): 159.06, 143.74, 137.80, 127.14, 124.99, 86.16, 6.04; 
Anal. Calcd for Q 0 H„ ClIrN 2 0 2 :C, 43.67; H, 4.03; N, 5.09. Found: C, 43.60; H, 3 
.86; N, 4.86; 

FABMS m/z 551 [M + H]* , 515 [M - CI]* . 
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— jR^t (1) -C^fr S *l& V i>*A<Mfc (62 mg, 0.1 rrmol) (Dfafc^* J - ;V<§?£(10 
rrfl)K0.5 M KOHcD^^y (400 ^ 1 , 0.2nmo1) £iDx.T. 1 0#M*#Lfco 

£©i»KH*i-r (100ml) Srfln*.*^ l£3§t"fe@#5&«$rtti-rSo ttifcSHfcU 

, 37%) i©-fk#*tt£JlTH*i-45-*fl&*^?>rafeU*:« Sfc, (i) -c 

IR (KBr) 1602, 1559, 1497; 

X H NMR (DMSO-de , $ ): 7.86 (d, J = 6.9 Hz, 2 H), 7.62 (s, 2 H), 6.22 (d, 3 = 6.9 
Hz, 2 H), 1.69 (s, 15 H); 
13 C NMR (DMSO-de, § ) = 175.40, 149.34, 149.22, 129.44, 118.46, 115.31, 95.05, 8. 
69; 

>H NMR (D,0, $ ): 8.56 (d, D = 6.5 Hz, 2 H), 7.94 (s, 2 H) , 6.78(d, 3 = 6.5 Hz, 
2 H), 1.63 (s, 15 H); 

Anal. Calcd for Q 2 H^CIIrKf^ 0 2 • H 2 0: C, 41.93; H, 3.68; N, 4.45. Found: C, 42.0 
2;H, 3.89; N, 4.20; 

FABMS(g1ycero"l) m/z 613 [M + H] + ,575 [M - K + 2H]* , 539 [M - K- CI + H]* . 
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(1) -egfe^tL^,^ 'jy^Afft 2 mg t 'J >t3 t f 'J ^ Aig 6 mg 
5 ml K-}#ft?U 0.4 MPa <Dfcm*'*T3 BtiL^ X H WIR F'J F^#(7)M 
S^H NMRT'ffillSL^o 

*H NMR (D 2 0, £) 8.40 Cd, J = 6.5 Hz, 2 H), 7.92 Cs, 2H), 6.75 (d, J = 6.5 Hz, 2 
H), 1.69 Cs, 15 H), -11.10 Cs, 1H). 
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@E^^ti-e*s[cp*RhCbpy)a]a, [Cp*irCb Py )a]a, CQMe 6 )RuCbpy)ci]ci it, 

w%K£^xfrmm*&%^^®frffifrj&*mftT&zk*m^m^Lr^2> a. moi. 

Cat!., A Vol. 195, p. 95 C2003)) o $ fcfc, <b f± - tL <b <75$§#^^^^)S 

SJS-C^) ^ n^bM^ ^Tfc^-fb }:U ^MoM Jfcffl L ? 2. CO -c ti £ ^ ^ £ tz 
o $&imf9l*Mtetz&^ tft°'; y>Xtt7xt> hn'J >^<7)*°>J t: y v >'g^#:T-Jl^:: 
^^r^l^/rc-^o 

^ i l §t#£ ffl v> tz -mitRrnvfrmitKm a , vt* n jt »* & * « ^ 

*ifc#!)4-6) o IWiaiC-^ (1) X~mte2tl&KvVV^^foTi>ftfrK7ib^MMm 
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